encephaly by ultrasonography, when the mother noted decreased fetal movement. The Apgar scores were 7 and 9 at 1 and 5 minutes, respectively, and the child did not require mechanical ventilation. The child's head size at birth was 50 cm (> 99th percentile). The child's anterior fontanel was bulging, and the bones of all cranial sutures widely separated, with the parietal bones of the sagittal suture separated by 5 cm.
Initial MRI showed severe hydrocephalus, hetero topic gray matter along the right ventricle, and a very thin cortical mantle (Fig. 2) . A right parietal VP shunt, with a Strata valve (Medtronic) set to P/L 1.5, was placed when the infant was 2 days old. Over the ensuing days, the shunt was reprogrammed to balance CSF drainage. Over drainage manifested with grossly overlapping sutures and a severely sunken anterior fontanel. Underdrainage man ifested with a bulging fontanel and subcutaneous CSF egress around the shunt.
Cranial Reduction Procedure. To avoid a bulging fontanel and/or a pseudomeningocele, the shunt valve was adjusted to a level of increased flow. This resulted Artist's graphic summary of the treatment of the child in this case. The uppermost image shows the infant before surgery, with gross macrocephaly and widely split sutures requiring a shoulder roll to support his head and evidence of Parinaud syndrome. The next image, moving clockwise, shows the result after VP shunt placement-a severely collapsed skull with overlapping sutures, dysmorphic appearance, and resolution of Parinaud syndrome. The bottom right image shows an intraoperative vertex view of the reduction and fixation surgery, in which an absorbable plate was placed under the anterior fontanel. The bottom left image shows the result 2 weeks after surgery, with newly formed scar and appearance approaching normalcy. The final image shows the child 14 months after surgery, with an excellent cosmetic outcome.
in significantly overlapping sutures and the child's head became increasingly dysmorphic, a disturbing appear ance for the parents and other health care providers. Po sitioning the child on his side resulted in a marked bony overlap. For these reasons, the patient was taken back to the operating room in the 1st week of life for a cranial reduction and stabilization procedure.
A limited bicoronal incision was made just behind the large anterior fontanel. This incision allowed access to the frontal bone and both parietal bones as they border the anterior fontanel. The pericranium was scored around the perimeter of the fontanel, allowing establishment of an epidural plane under both parietal and frontal bones. Approximately 20-30 ml of CSF was aspirated from the lateral ventricle with a 25gauge needle through the dura. This low volume reduction allowed for complete apposi tion of bones along the coronal and sagittal sutures with out kinking of the sagittal sinus. The 2 parietal bones were left separated by a few millimeters along the midline, to avoid kinking the superior sagittal sinus. Plicating dural stitches were not placed. The absorbable polyDLlactide plate (KLS Martin) was placed in the epidural plane and secured in place to the frontal and parietal bones with absorbable polydioxanone suture (Ethicon) (Fig. 2 ). We used a single sheet of absorbable plate to rigidly fixate the 4 bones of the anterior fontanel. This step could have been performed with strips of plating material, which would reduce the overall implant burden but would likely have been less secure. Likewise, a 1 to 2cm hole can be made in the plate as an artificial fontanel.
The child tolerated the 45minute cranial reduction procedure without complication and with approximately 20 ml of blood loss. This technique was not performed around the posterior fontanel.
The head shape was much improved in the immedi ate postoperative period and the overall head shape was much less affected by head positioning. Because the oc cipital bone was not fixated to the parietal bones along the posterior fontanel, we tended to position the patient on the left and right sides, in order to help reduce posterior bone overlap or deformation at the level of the lambdoid suture.
Follow-Up. The child has not required shunt revision and the valve has been maintained at a P/L setting of 1.5. The head circumference was immediately reduced from 50 to 40 cm after placement of a VP shunt and perfor mance of the cranial reduction and fixation procedure. If we assume that the cranium is roughly spherical, this re sult represents an approximately 49% intracranial volume reduction immediately following the reduction/fixation procedure. This volume reduction is in line with reported results for large staged cranial reduction procedures. 6, 9 The head circumference has gradually increased back to 49 cm over the child's first 17 months of life, with his body size becoming proportional to the head size (Fig.  2) . Bone has completely regrown over the anterior fonta nel. The ventricles have slowly decreased in size, and the thickness of the cortical mantle has gradually thickened. The patient has had no further cranial surgery, takes no medications, and his development is nearly normal for a child of 17 months. He has slight motor delay, cruising without independent walking. The family is pleased with his appearance and with his development (Fig. 2) .
Discussion

History of Cranial Reduction Surgery for Macrocephaly Related to Hydrocephalus
Cranial reduction procedures have been reported on a casebycase or case series basis in the literature for the past 60 years. Multiple forms of craniectomy have been described, most frequently associated with a reduction in cranial volume approximating 50%-60%. 6, 9 Treatment of hydrocephalic severe macrocephaly has historically been undertaken to achieve several goals: 1) to simplify treatment of hydrocephalus, 2) to improve head control, 3) to improve caretaking by easing positioning burdens, 4) to prevent softtissue breakdown and infection, and 5) to reduce the magnitude of deformity and improve social acceptance.
The first multistaged cranial reduction procedure for the treatment of severe macrocephaly secondary to hy drocephalus was performed between 1951 and 1953 by Ehni. 2 The multistage treatment involved 13 procedures within a 22month period and used novel gapclosing de vices invented by the patient's father. This surgery was performed during the initial stages of CSF shunting and did not involve shunt placement.
By the late 1970s, CSF shunting procedures became commonplace and were integrated into the majority of subsequently reported cases of reduction cranioplasty for macrocephaly secondary to hydrocephalus. Many authors report placement of VP shunts or subcutaneous ventri cle-tapping reservoirs prior to definitive macrocephaly treatment. 4, 6, 7 We advocate the use of a CSF shunt with a programmable valve in this setting. This allows for con tinued management of the hydrocephalus and manage ment of postoperative subdural hematoma formation in this highrisk group.
Many forms of craniectomy have been described. Vries and Habal 9 as well as Ventureyra and Da Silva 8 re moved the entire calvaria and then used a sagittal bandeau to anchor the remaining calvarial pieces to the skull base. Piatt and Arguelles 7 used a similar technique, but a coronal crossbar was used as the anchor point for reattachment of the calvarial pieces. Park et al. 6 used the crossbar craniot omy, shaped like a plus sign, to anchor calvarial remnants, and also performed vertical osteotomies. Erdinçler et al. 3 reported the modified P technique in 1998. Mansour et al. 4 reported the picketfence technique and the use of contrac tion osteogenesis. A thorough written and graphical review of the types of craniectomy and the associated cases was recently contributed by Mathews et al.
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Once the craniectomy has been performed, the dura is frequently reduced with an imbricating stitch without kinking the sagittal sinus. It is unclear whether dural pli cation is necessary to achieve the surgical goals. Post operative MR venography can be performed to evaluate the status of the sagittal sinus. In our case, the dura was not plicated and dedicated venous imaging was not per formed postoperatively.
Early Cranial Fixation in Extreme Hydrocephalus
To our knowledge, this is the first reported case of very early cranial fixation in extreme hydrocephalus. Since the 1970s, emphasis has been placed on treatment of the hydrocephalus prior to cranial reduction surgery, rather than cranial reduction and fixation surgery func tioning as a component of hydrocephalus correction. We devised this operation based on our previous difficulty managing newborn patients with extreme hydrocepha lus using shunts alone. Early fixation greatly facilitated patient positioning, immediately improved the infant's appearance, simplified the management of the patient's hydrocephalus, and lessened the potential complications of overdrainage.
Our combined procedure not only facilitated early management of the child, but the reconstruction per formed in infancy was far less technically challenging than delayed reconstructions described by numerous previous authors. [2] [3] [4] [7] [8] [9] Previous reports describe large holocalvarial reconstructions with substantial risk of hemorrhage, transfusion, prolonged time on the operating table, and multiple stages. Our technique limits the en tire process of reduction cranioplasty/fixation to 2 steps: placement of a CSF shunt, followed by a single cranial remodeling and fixation procedure that takes less than 1 hour. It is even possible that future modifications of this procedure may allow for a smaller incision, the use of smaller plates, and the possibility of combining the cra nial fixation and shunt placement into a single procedure.
Conclusions
Early shunting combined with a limited cranial re duction and fixation procedure facilitated patient posi tioning, simplified management of hydrocephalus, and provided an excellent aesthetic outcome in an infant with extreme macrocephaly related to hydrocephalus.
